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I. THE PROBLEM AND ITS BACKGROUND
Rapid and reliable methods for the determination of lead (Pb)
contamination are becoming increasingly important both for toxicology
and for routine screening of workers exposed to the metal.

Children

in dilapidated houses are exposed to the poison by eating lead-pigment
paint which has peeled or flaked from vails.

In Detroit alone, 85

percent of the lead poisoning cases are among children aged one to
three.

The city’s lead poisoning control program director, Lawrence

Chadzynski*, says "it is not uncommon for children of that age to eat
paint chips and soil, both of which have been found to contain dangerous
amounts of lead, particularly in older sections of Detroit." According
2
to Chisolm , other well-defined divisions that are known to be directly
at risk are "whiskey drinkers Who consume quantities of lead-contaminated
moonshine, people who eat or drink from improperly lead-glazed earth
enware, and workers in small-scale industries where exposure to lead
is not controlled."

In this report he presents the hazardous conse

quences which lead poisoning causes in humans.
An average American adult usually injects and excretes lead at
about the same rate.

A small amount is retained in the bones and is

generally never bothersome. However, a lead concentration above 80
raicrograms (jig) per 100 milliliters (ml) in the blood suggests that the
intake may have reached a point where the lead (Pb) is being retained in
other tissues, including the brain.

There, it may cause serious damage

resulting in mental breakdown and confinement in a state hospital.
3
caught in time, the blood can he purified in about ten days .

1
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If

2

There are a variety of methods used to determine lead contamina
tion.

Each laboratory chooses the method it prefers.

The colorimetric

3*6
dithizone method
requires extensive chemical separation procedures,
all of which can result in contamination and interference from other
metals.

7—8
Spectrochemical methods
require ashing or acid digestion

techniques to obtain adequate sensitivity.

9-12
Atomic absorption methods

involve protein precipitation prior to chelation and extraction.

Atomic

absorption methods have been described for microsamples of 10 to 50
13*16
17*18
microliters (ul) of blood
. Photographic emission spectroscopy
is a spectrochemical method which may involve lead extraction.
In 1967, a spectrochemical method based on the procedure of Wells
19
and Seidner was developed as a rapid, accurate and reproducible method
to cover the "normal to toxic" range of 20 to about 100 micrograms (ug)
of Pb per 100 grams (g) blood.

This study of Wells and Seidner utilized

a high voltage a.e. arc source, flat electrodes and emission spectros
copy to study the analytical lead (Pb) line of wavelength 2833 Angstroms
(A) and an indium (In) internal control line of wavelength 2932 A,
The method used trichloroacetic acid*® (TCA) to extract quantitatively
the lead (Pb) from the blood components and to precipitate the blood
proteins.

The resulting "blood" solution consisted of a composition

easily approximated by chemicals in order to prepare solution standards
with known amounts of lead.

(For best results, it was necessary to

avoid the blood protein precipitate due to a component, iron (Fe), Which
emits nearly continuous radiation in this wavelength region.)
21

Subsequent investigators, Steiner and Anderson

, of the Industrial

Laboratory Kodak Park, Eastman Kodak Company in Rochester, New York
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utilized the procedure of Wells and Seidner
ence in technique.
1.

with rery little differ

The three major distinctions were*

the ability to determine blood lead levels as low as
5 ^ig Pb per 100 g blood (0.05 ppm lead),

2. usage of a d.c. arc source, and
3.

a cratered electrode containing the sample.

The preparation of the samples and the wavelength lines were identical
23
to those in the method of Wells and Seidner .
The proposed investigation of this thesis was an improved quanti
tative technique for the determination of Pb in blood, using as a basis
24
the method of Steiner and Anderson . The investigation attempted to
avoid the wavelength regions where iron’s (Fe) radiation is nearly
continuous.

To do this, a suitable lead (Pb) line and an internal

eontrol line were sought in the ultraviolet or vacuum ultraviolet wave
length regions.

After study in these wavelength regions, an ultraviolet

wavelength line of 2203.5 A for lead (Pb) and 2306,9 A for indium (In)
were selected as suitable lines,
excitation unit.

A spark source was chosen as the

Emission spectroscopy was selected in accordance with

the method used by Steiner and Anderson^.

The internal control method

was chosen to monitor unavoidable variations in the exposure conditions
between samples and variations in the photographic process.
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II. APPARATUS AND SELECTION OF ANALYTICAL PARAMETERS
The chosen apparatus and selected analytical parameters are basic
factors in a quantitative spectrochemical analysis. One of the most
important decisions concerning a spectrographic analysis involves the
selection of the source of excitation for the sample.
are flame, are, and spark.

Typical sources

In general, the flame is not well suited to

elements with high excitation potentials so the choice primarily con
cerns the arc or the spark.

Some of the other analytical parameter

choices involved in this type of analysis concern the selection of an
internal standard element, the selection of compatible internal control
and analytical lines, and the selection of a photographic emulsion.
The details of the necessary apparatus and selection of the analyt
ical parameters are more fully described in the sections which follow.
Selection of an Excitation Source
In choosing between an arc source and a spark source, one must
consider special characteristics of each which relate to precision and
sensitivity.

The excitation in arc sources results from the thermal

collisions of atoms.

The emission lines produced are primarily those

due to neutral atoms. The most commonly used are source is the d.c.
arc source, primarily because of its great ability to detect very small
concentrations of elements. This ability to detect small concentrations
is referred to as sensitivity.

The absolute sensitivity is a phrase

denoting the minimum amount of a particular material which is necessary
for detection.

Nominal values of absolute sensitivity for the d.c.

A
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arc arc of the order of 10~5 milligrams (mg).

The d.c. arc source is

generally used for the determination and identification of substances
present in very small concentrations since its limit of detection is
lover than that of a spark source.

Besides being a very sensitive

source, the d.c. arc provides a good line-to-background ratio.

A good

1ine-tCKbaekgrotmd ratio is a phrase denoting a low background density
and a high line density.

Generally, a good line-to-background ratio

connotes that a correction for background density is unnecessary.

One

difficulty with the d.c, arc is its tendency to wander and flicker,
especially when struck between carbon or graphite electrodes,

A second

difficulty involves selective volatility wherein the more volatile
components may be selectively vaporised during the early portion of
the arcing period.

Another difficulty involves the cyanogen bands

which are emitted strongly by RCN)^ molecules formed by the carbon
arc burning in air.
The excitation in spark sources is primarily by electronic bom
bardment,

The a.e, spark source is the preferred source whenever high

precision rather than extreme sensitivity is required,

A spark source

which contains a capacitor connected in parallel across the secondary
circuit is known as a condensed spark source,
condenser.)

(The capacitor acts as a

Only the condensed spark source is satisfactory for quanti

tative analysis since it is more intense than an uncondensed spark
source.

More air lines (nitrogen and Oxygen) are produced but the self-

inductance in the secondary circuit reduces the intensity of the air
lines as well as preventing sparking at the first surge of current and
maintaining the spark as the current drops to provide a steadier and
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more uniform spark.

One specification of particular concern in quanti

tative analysis is that of precision.

Precision is a phrase denoting

the ability of the source and technique to provide identical results
for replicate (repeat) samples.

Although the sensitivity of the spark

is inferior to that of the d.c. arc, the precision of the spark is far
superior to that of the d.c. arc.

Specifically, the analysis of a

group of replicates would be expected to be accomplished with the best
precision of *2% by spark and poorest precision of about *20Z by d.c.
arc.

The spark is more stable than the arc and has a good sampling

ability.

Higher sample concentrations are utilized since very small

portions of the sample are consumed.

Thus, it is better suited to the

analysis of a minute amount of material.

It is readily adaptable to

the direct analysis of solutions since the electrode temperature is
relatively low.

The emission lines produced are due to ionized atoms

as well as the neutral atoms.

Much higher excitation energies are

produced with less heating effect than in the d.c. arc. The lover
electrode temperatures cause the spark to be freer of the interference
caused by the cyanogen bands.

It is desirable that the spark wander

somewhat to provide better sampling but the wandering should not leave
the spectrograph optic axis.

The spark is less satisfactory for high

sensitivity work because the continuous background is more intense
than in the d.c. arc.

One disadvantage in employing an a.c. spark

source is its dangerous high voltage.
electric shock.

Its greatest hazard is that of

Another drawback is the high level of noise produced

by the spark source.
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Since sensitivity was of less importance than precision for this
analysis, a Bausch and Lomb spark generator was chosen as the excitation
source unit.

This spark generator had six plug positions, each intro

ducing different inductances of the coil to the circuit.

For the

analysis, the Bausch and Lomb spark generator was operated at an in
ductance of 7.15 microhenries (^ih) (or plug position #3).

This in

ductance was approximately half-way between the pure spark (spark po
sition #1) and the most arc-like spark (plug position #6).

An air

control gap of 5 millimeters (mm) was utilized in the spark circuit
arrangement.
across it.

The analytical gap of 5 mm had a 10 megohm (Mft) resistance
Details of the spark circuit arrangement are shown in

Figure 1 (next page).
The excitation system utilized and the conditions under which it
operated are summarized in Table 1 on page 9,

Selection of an Internal Standard Element

The internal standard method typically utilizes either a major
element of the sample matrix or a foreign element which has been added
to the sample in a known amount.

The intensity of the unknown lead

(Pb) line is then compared to the intensity of the internal standard
line.

Measurement of the intensity of the unknown line relative to

the intensity of an internal standard tends to eliminate the effects
or variations in the excitation conditions, the time and nature of
the exposure, and the conditions of development.

If the intensities

remain on the straight line portion of the Hurter and Driffield (H and
D) curve, the ratio of the intensities of the lines remain unchanged
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Figure 1
Details of Spark Circuit Arrangement

15,000 V

CRO

C1
C2
L
G1
G2
R1

Capacitor capacitance

0.005 microfarad

Protective capacitance

0,6 microfarad

Variable inductance

0 to 20,56 microhenries

Air control gap

5 millimeters

Analytical gap

5 millimeters

Resistance

10 megohms
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Table 1
Experimental Excitation System
and Operation Conditions

,
Source unit

Bausch and Lomb spark generator

Inductance at
plug position #3

7.15 microhenries

Secondary potential

15f000 volts

Capacitor capacitance

0.005 microfarads

Primary potential

120 volts

Analytical gap

5 millimeters

Air control gap

5 millimeters

Atmosphere

static

Sample electrodes

2 ultra-carbon, 1 inch long x

% inch diameter graphite, one
end cut on each to a length of
7,5 millimeters and a diameter
of 3.0 millimeters
Exposure time
preburn
burn

0 seconds
1.5 seconds

Replica exposures

3

by exposure conditions and development conditions.

Other conditions

involved in the choice of an internal standard line and unknown line
are:
1,

The wavelength values of the two lines should be
reasonably near together. °

2,

The intensities of the lines should be sufficient

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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for measurement of low concentrations of the ele27
ment.
3.

The intensities of the lines should not be appreci
ably influenced by extraneous elements present in
the unknown sample,

The element indium (In) was selected as the internal standard ele
ment since it is highly unlikely to occur in blood, contains no inter-

e

fering lines, and has a line only about 100 A away from the unknown lead
(Pb) line.

Furthermore, the indium (In) concentration can readily be

adjusted so the density of the indium (In) control line is intermediate
to the lead (Pb) line densities of the blood standards.
The addition of indium (In) as an internal control to the sample
matrix will be described later.

The Selection of Analytical Lead (Pb)
and Indium (In) Lines

The selection of spectral lines for analysis is strongly influenced
by three factors:
1.

The lines selected must be excitable by the chosen
spark source,

2.

The lines must not be overlapped by other spectral
lines of the sample matrix,

3.

The lines must not be overlapped by the spectral
•'air lines" of the spark burning in air.

The chosen lead (Pb) line at 2203.5 X. has the strongest spark
intensity in this region.

The relative intensity value of this lead

(Pb) line is 5000 whereas the nearest spectral line of iron (Fe) at a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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t>

wavelength of 2200,7 A has a relative intensity of 8,

This nearest

iron line is sufficiently separated from the lead (Pb) line for easy
measurement of the lead (Pb) spectral line density.

In this far ultra

violet wavelength region, only one other lead (Pb) line can reasonably

o
be considered.

However, this Pb line (of wavelength 2170,0 A) does not

have the intensity of the chosen Pb line and, for low Pb concentrations,
its intensity can not be measured.

According to B r ode^, the strongest

wavelength line of Pb in the vacuum ultraviolet wavelength region has
a wavelength of 1726,75 A.
and Shreider

30

Here, utilizing data gathered by Zaidel

•
, the two nearest Fe lines have wavelengths of 1726,4 A

o

•

and 1731,4 A,

The Fe line of wavelength 1726,4 A is not sufficiently

separated from the Pb line for Pb intensity measurements should there
be any Fe contamination in the whole blood samples.
.

•

•

•

ditional complication, m

Also, as an ad-

°

this 1700 A region, the spectrograph and ex

citation source must be operated in a vacuum or in an atmosphere com
paratively free from oxygen or other absorbing gases,

(No complications

arise in the vacuum ultraviolet wavelength region due to employing
indium (In) as the internal standard since the In line of wavelength

e

1586.4 A (Brode

32

) has no interfering lines from iron (Fe) or the spark

air lines (Zaidel and Shreider^)?!

Thus, the best Pb wavelength line

fe
is the chosen one of wavelength 2203*5 A,
For best precision, the wavelength of the indium control line

e
should be within approximately 100 Angstroms (A) of the analytical lead
(Pb) line.

The indium (In) line chosen meets this requirement.

As

with the chosen Pb line, the chosen indium (In) line should have ade
quate separation from any iron (Fe) lines that could interfere with

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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p

intensity measurements.

The closest spark Fe lines are 2306,38 A (in

tensity 3) and 2309.997 X (intensity 5).

Both of these iron lines are

sufficiently separated from the indium (In) spectral line.

Only one

other In spectral line in the vicinity of the chosen Pb line can be
considered.
of 80.

This line has a wavelength of 2447.9 A and spark intensity

However, this line is too close to an aiT line produced by the

spark source.

Also, its distance from the chosen Pb line is greater

than desired.

Thus the best In wavelength line is the chosen orte of

wavelength 2206.9 A.
When an element is "excitable", atoms or molecules are raised to
upper states from the ground state by various means, including electrical
discharge and heating.
the excited state.
to another.

33

In Table 2, to follow, an arrow points towards

The "transition" is the change from one energy level

The wavelength in air is obtained by dividing the velocity

of light (in air) by the frequency.

35

The frequency of radiation emitted

during a transition depends only on the energy difference between the
two stationary states, before and after the transition.

The "intensity"

of the emitted radiation depends on the nature of the initial and final
states.

36

Each wavelength line has its own spectrum type. The spectrum type
for lead (Pb) is, in this case, that of a singly-ionized atom or second
spectra (II).

For the indium (In) line, different authors disagree on

the spectrum type,

However, the atomic energy levels coincide for that

of a singly-ionized atom.

Thus the spectral type of In has been con

sidered to be that of a singly-ionized atom.

The electronic structure

37
of the ground state of In is
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38
The electronic structure of the ground state of Pb is
, 2, 2_ 6. 2, 6,.10..2. 6. .10.-14. 2- 6_.10> 2. ,2n0v
Is 2s 2p 3s 3p 3d 4s 4p 4d 4f 5s 5p 5d 6s 6p( P^).
Table 2 contains pertinent information on the atonic energy levels
and transition probabilities for the particular lead (Pb) and indium
Table 2
Atonic Energy Levels and Transition Probabilities

Element

+
Pb

+
In

Spectrum type

II

II

Number of electrons

81

48

Ionization potential, volts

15.028

18.86

Wavelength, Angstroms

2203.53

2306.879

Intensity
arc sources
spark sources

50
5000 R

25
30

7.37

5.37

14081—
59448

0—
43349

6s2(ls)6p~
6s (1S)7s

5s2— .
5s( S)5p

Excitation energy,
electron volts
Energy level, kaysers
(inverse centimeters)
Configuration
Designation

6s 2P?—
7s S

(In) spectral lines selected for this analysis.

K 2 1.
5s

s5“ o

5p V

More detailed infor

mation is found in Appendix II.

The intensity in this table is based

on Harrison’s intensity scale.

This is a proportional scale in which

the most intense line of a given element has 1000 relative intensity
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H
units.

The excitation energies are the original work of Zaidel, Prokofev,

39
Raiskii, Slavnyi, and Shreider .
Optical Considerations
The spectrograph employed for the analysis is a Jarrell-Ash CzernyTurner Two-meter Scanning Spectrometer whose optics are shown in Figure
2 (next page).

This instrument utilizes a plane grating consisting of

a number of parallel, equally spaced lines ruled upon an aluminum coating
on a glass base. This grating, and the mirrors employed, are overcoated
with magnesium fluoride (MgF ) to improve their reflectivity in the
2

shorter wavelength ultraviolet region.

The Czerny-Turner mounting is

a modification of the Ebert mounting.

The Czerny-Turner Spectrometer

utilizes two 6 inch diameter concave mirrors, M^ and M .
2

collimates

the light entering through the entrance slit, S^, and reflects it as
parallel light to the plane grating, G.

The dispersed light, still

parallel, but with the separate wavelengths diverging, is reflected
back to M . Concave mirror, M2» intercepts the dispersed beam and
2

focuses it on either the exit slit, S2, as monochromatic light, or on
the photographic plate, PP’, by reflection from mirror Mj,

The wave

length of the monochromatic light emerging at the exit slit is changed
simply by rotating the grating about its center.
A quartz lens, L, of focal length (f) 27 centimeters (cm) is in
serted into the system between the Czerny-Turner Scanning Spectrometer
and the analytical gap.

The lens is placed in the system to increase

the amount of light at the entrance slit, S^.

An image is formed on

the slit which is approximately the same size as the lens.

The lens
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Figure 2
Details of the Spectrometer Arrangement
(with Lens and Analytical Gap)

28.1 cm

49.5 cm

n P

P*

grating
normal

m
A

Analytical gap

L

Quartz lens

2

Interchangeable grating

V M2

6" diameter Spherical
concave mirrors

Entrance slit
M,
S„

Mirror deflector

Exit slit
pp,

Photographic plate
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also helps to keep the slit filled with light when the spark wanders.
A quartz lens is necessary, of course, because of the absorption of
glass below about 4000 A.
The pertinent information of the experimental optical system and
operation conditions are summarized in Table 3,
Table 3
Experimental Optical System and Operation Conditions

Spectrograph

Czerny-Turner Two-meter Scanning
Spectrometer model 78-480,
spectra recorded in first order,
4,19 X/mm inverse dispersion

Selected wavelength range

2150 to 2550 Angstroms

Slit width

75 microns

Slit height

2 millimeters

External optics

Quartz lens of f = 27 centi
meters

Rotating step sector

7 steps of step factor 1 i 1,5

Emulsion

Eastman Kodak Short Wavelength
Region (SWR) plates

Analytical line

Pb

2203.53 Angstroms

Internal standard line

In

2306.879 Angstroms

Selection of Photographic Emulsion Type

Photographic plates are ordinarily the surface on which a spec
trogram is placed when precise quantitative measurements are to be
made.

These consist of moderately flat pieces of glass coated with a

thin layer of gelatin containing an emulsion of silver halide salt.
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The negative photographic emulsion is a suspension in gelatin of silver
bromide and a little silver iodide.
There are several advantages of the Eastman Kodak Short Wavelength
Region (SWR) plates selected for this investigation.

Various para

meters of these and other plates are described in the Eastman Kodak
Publication "Kodak Plates and Films for Science and Industry"^.

The

Kodak SWR plates are designed for wavelengths shorter than 2200 Angstroms
(A) and have been recorded for wavelengths down to 75 % with good sensi
tivity.

Zaidel.and Shreider^ report that data obtained for the SWR

emulsion show that the sensitivity is constant between 1200 and 3700 Xj
reaching a few tens of ergs per square centimeter for moderate densi
ties.

The speed of the emulsion and its correspondingly high contrast

are marked advantages.
lengths.

The contrast factor falls off at short wave

The size of the grains are smaller than most types of plates.

The background optical density is very low, approximately 0,1 or less.
One major disadvantage of Kodak SWR plates is its high sensitivity to
abrasion.

(If the emulsion side of the plate is touched, after develop

ment, a fingerprint is seen at this position.)

This means that the

plates must be handled, with great care, only along the edges for both
holding and cutting the plate.

(A special plate-holder, built to hold

the plate along the edges, is used for the purpose of cutting the
plates.)

Another disadvantage is the very low gelatin content which

provides little protection to the surfaces of the silver halide grains
which therefore are subject to a variety of chemical reactions.
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III.

THE PRETREATMENT OF BLOOD SAMPLES AND PREPARATION
OF STANDARDS AND BLOOD SAMPLES

Prior to any work with the necessary hlgh-purity chemicals, all
glassware must be washed to prevent lead contamination.

It is essential

that lead-free glassware be used and, prior to use, be washed in soap,
and rinsed, in order, in water, distilled water, warm
distilled water, and, finally, deionized water.

1 0

Z nitric acid,

This glassware may

then be placed in a clean enclosed plastic container and left to dry.
42
The method of Steiner and Anderson was used to prepare the stock
solutions for the synthetic standards.

The nitric acid and water util

ized in preparing these stock solutions were both doubly distilled.
The indium (In) stock solution was prepared by dissolving a high purity
indium pellet of mass 0.2716 grams (g) in 2.716 milliliters (ml) of
nitric acid and diluting with water to 271.6 ml. This yielded a con
centration of

1

milligram (rag) of indium per milliliter (ml) of solution.

In a similar fashion, the lead (Pb) stock solution was prepared to a
concentration of 1 milligram of lead per milliliter of solution.

This

was accomplished by dissolving 0.160 g of lead nitrate (PKNOg)^) in
a % (by volume) nitric acid solution and diluting to make
1

1 0 0

ml.

The "lead free" grade of trichloroacetic (TCA) solution utilized
was a distilled grade from Matheson, Coleman, and Bell Manufacturing
Chemists43, The internal standard element indium (In) was introduced
as a control element by combining 5 ml of In stock solution, 100 g TCA
crystals, and water to make 500 ml. This solution was called the TCAIn extracting solution.

To remove any lead (Pb) contamination present
18
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19

in this solution, a solution vas prepared by dissolving 2.5 mg of dithizone in 100 ml of ehlotoform.

The TCA-In extracting solution was

transferred to a separatory funnel and
vas added.

1 0

ml of the chloroform solution

This solution vas then veil shaken.

Adequate time vas

alloved for separation, and the chloroform phase vas then removed and
discarded.

This extraction process vas repeated until the dithizone

color remained unchanged indicating the removal of the Pb contamination,
(One part of Pb in 20 million parts of solution can be detected by
this method.

It is so sensitive that often difficulty is found in

freeing the glassvare and reagents sufficiently from lead to obtain a
small blank test,

) The TCA-In extracting solution was washed with

successive portions of reagent grade chloroform to remove the excess
dithizone.
In preparation of the standards and samples, Steiner and Ander45

son

outline the procedure using whole blood or synthetic blood.

They state that either method may be used but suggest the synthetic
blood solution be used if the desired quantity or quality of whole
blood is not obtainable.
The table on page 20 lists the chemicals necessary to prepare
the double strength synthetic blood solution.
These chemicals were dissolved in 400 ml of water and the solution
vas then transferred to a separatory funnel.

A coleman model 28 Metrion

pH meter vas used to adjust the pH of the solution to 8.5-9.0 with
ammonium hydroxide.

Any Pb contamination was removed using the dith-

izone-chloroform solution method as previously described for the re
moval of Pb contamination in the TCA-In extracting solution.

This
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Table 4

Chemicals for Double Strength Synthetic
Blood Solution Amount

Chemical

Amount

Calcium chloride (anhydrous)

0.246 grams

Sodium chloride

5.57 grams

Magnesium chloride (hexahydrate)

0.203 grams

Potassium phosphate (tribasic)

0.258 grams

Potassium chloride

0.045 grams

Sodium bicarbonate

3.79 grams

Citric acid

2 . 0 0

Sulfuric acid, 0.01 Normal

2 0 . 8

grams
milliliters

synthetic blood solution was again washed with reagent grade chloro
form until all excess dithizone had been removed.

The pH of the so

lution was readjusted to 7.0 with nitric acid and diluted with water to
a final volume of 500 ml.
A series of analytical standards were then prepared to cover the
concentration range from 5 to 100 jig of Pb per 100 g of blood (0.05
to 1.0 ppm Pb).

Lead (Pb) additions were based on a 25-ml volume of

Whole blood or single strength synthetic blood.

Insignificant errors

may result by assuming blood to have a specific gravity of 1. The
standards were prepared by combining 12.5 ml of the double strength
synthetic blood solution, 25 ml of the TCA-In extracting solution, a
portion of the Pb stock solution, and water to make a total of 50 ml.
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Two diluted solutions of the Pb stock solution were used in pre
paring the necessary standards.

The Pb stock solution was used to pre

pare a diluted solution of strength 5 _pg of Pb per ml of water by com
bining 5 ml of the Pb stock solution and enough water to make 1000 ml.
Then this solution was diluted to a strength 1 pg of Pb per ml of water
by combining 20 ml of the diluted Pb stock solution and water to make
100 ml.
Four standards, covering the concentration range, were prepared.
These were 5, 16, 40, and 100 ;ig of Pb per 100 ml of blood.

The two

lowest concentrations (5 and 16 pg Pb per 100 ml blood) required 1.25
and 4 ml, respectively, of the Pb solution of strength 1 jug of Pb per
ml of water.

The other concentrations (40 and 100 ;jg Pb per 100 ml

blood) required 2 and 5 ml, respectively, of the Pb solution of strength
5 ;ig of Pb per ml of water.
Two other standards, both exceeding the concentration range, were
also prepared.

Both of these standards used the Pb stock solution of

strength 5 pg of Pb per ml of water.

The resulting Pb concentrations

were 160 and 240 jig of Pb per 100 ml of blood (1.6 and 2.4 ppm Pb),
These standards required 8 and 12 ml of the Pb solution, respectively.
These two synthetic blood standards supplimented the previous four con
centrations and extended the analyical curve concentration range used
by Steiner and Anderson

46

,

This wider concentration range provided a

better evaluation of the slope of the analytical curve.
The whole blood standards used in this investigation were obtained
from a private physician, Doyle E, Wilson, M. D.

47

These samples were

unused remainders of samples extracted during the course of routine
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physical examinations.
agulant.

The samples were pretreated using an antico-

Sodium heparin, ethylenediamine tetraacetic acid (EDTA)

48

,

or potassium oxalate were used as anticoagulants by Steiner and Anderson

49

with no significant differences in results.

After the antico

agulant was added, the blood samples were stored in a refrigerator
until the time of analysis.

In preparing for the analysis, 1 ml of

the TCA-In extracting solution was added to a lead-free, centrifuge
tube by means of a clean pipette.
agulated whole blood was added.
ously to mix the solutions.

Next, an equal volume of the unco
The centrifuge tube was shaken vigor

The centrifuge tube was then placed in

a Cenco fixed speed centrifuge^ and was centrifuged to obtain a clear
supernatant liquid.

The centrifuge time and speed were not critical,

(The TCA-In extracting solution precipitates the blood proteins, in
cluding the iron.)
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IV.

ANALYTICAL TECHNIQUES

The analytical techniques involved in a quantitative speetrochemical analysis involve the shape of the electrodes, preparation and
excitation of the samples,

photographic development and densitometric

readings of the photographic plates.

The details of the analytical

techniques for these items are discussed in the sections which follow.
Improvements in Electrode Shape
The flat electrodes shown in Figure 3a are of the shape used by
Wells and Seidner^.

This type of electrodes was employed in the pre

liminary stages of this analysis but did not lead to the quality of
precision desired.

For this reason, an investigation was undertaken

to alter the electrode shape in such a manner as to improve the pre
cision.

The electrode shape finally selected is described below.

The electrode rods, which are composed of high purity graphite,
originally have a diameter of approximately \ inch and a length of
foot.

1

These rods were cut into electrode lengths of approximately 1

inch each. These one-inch pieces were then formed on a lathe, so that
one end had a shoulder with a diameter of 3 mm.
mately 7.5 mm is adequate for the cut back.

A length of approxi

The base of the electrode

is retained uncut at the \ inch diameter because this diameter is re
quired by the electrode holder.

This electrode shape is illustrated

in Figure 3b (next page).
There are several reasons for shaping the electrodes in this
manner.

One of the major reasons is that the spark can not wander as
23
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F ig u re 3

Types of Electrodes Compared
(b)

(a)

4

% m.
Dia. -*|

1*—

. 7.5 mm

-»/ K ” 3 mm Dia.

far off the optical axis of the spectrograph with the smaller diameter.
A true image of an object can only be produced by a lens or mirror
when both lie close to the optic axis.

As the angle between the light

beam and the optical axis increases, the amounts of astigmatism and
spherical aberration introduced becomes greater.
Another reason of major importance is that, for the same amount
of solution placed on the electrodes (i.e. 3 drops), there will be more
material per square rare on the smaller surface than on the larger surface.
To equal the amount of material per square mm on the surfaces, more
solution drops must be placed on the electrode with the larger surface.
It is desirable that the number of drops added to the surface remain
small because each drop added increases the risk of some samplerunning
off the

electrode,carrying some previously deposited materialwith

it.

Special reasons why this particular electrode shape was selected
aret
1. The resulting spectral densities for any solution
are in better agreement with each other,
2.

The layerof deposited material is more uniform.

3.The sensitivity is enhanced.
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A comparison of the precision of flat electrodes (as used by Wells
and Seidner

52

in Table 5,

) and the shaped electrodes used in this analysis is shown

This table shows the logarithm of the intensity ratio of

lead (Pb) to indium (In), the deviation (d) from the mean (X), the de2

viation squared (d ), and the standard deviation (o') for both shapes
Table 5
Comparison of Electrode Shapes

d
values
d=x-X*

d2
values

0,03

0.027

0,0007

0.27

0.267

0,0713

0.33

0.327

0.1069

-0.49

-0.487

0.2372

-0.20

-0.197

0,0388

0.08

0.077

0.0059

-0.32

0.002

0.0000

-0.46

-0.138

0.0190

-0.51

-0.188

0.0353

-0.16

0.162

0,0262

-0.16

0.162

0.0262

-0.32

0.002

0,0000

Diameter

Individual
log Pb/In
values, x

\ in

3 mm

* mean X =

<f values

0.304

0.146

+X.2 + »•1,+xn /n where n is the number of trials.

X = +0.003 for h;" diameter; X = -0.322 for 3 mm diameter
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of electrodes.

Each shape of electrode has six replica exposures.

It

can easily be seen that the 3 ran diameter electrodes utilized for this
analysis are superior to the k inch diameter electrodes.

Approximately

67% of the logarithmic values fall within a dispersion, from the mean,
of 0.15 for the 3 mm diameter electrodes.

To obtain the same percentage

value (of 67%) for the logarithmic values of the k inch diameter electrodes, a dispersion which is slightly over twice that of the 3 mm
diameter eleetrodes is necessary.
Preparation and Excitation of Samples
Both the synthetic blood samples and the clear supernatant liquid
of the whole blood samples were in liquid form.

Two drops of high

purity n-Heptane were dried on the electrodes to prevent the solution
from soaking into the electrodes and thus becoming unavailable for exeitation.

After the "waterproofing" treatment, three drops of the

solution were dried on each electrode by means of an infrared heat lamp.
These drops were added to the electrodes while they were held in an up
side down position in a special holder.

This inverted electrode drying

process provided more uniform sample coverage on the electrode.

After

all the drops had been dried on the surface on the electrode, it was
placed right side up in an electrode storage rack in a clean enclosed
plastic box.
Excitation of the electrode sample material was accomplished by
placing an upper electrode and a lower electrode in the electrode holders
of the source.

The sample material was then stimulated with a high

voltage spark as previously described.

The samples were excited for
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1 . 5

seconds with an average time variation of t

0 . 1

second.

Three spectra of each sample were recorded on each plate.

For

The synthetic blood samples, fifteen spectra were recorded per plate,
with the strongest concentration of 2.A ppm Pb on a separate plate with
five spectra.

(This concentration was used to monitor the consistency

of the data.) Two or three whole blood samples, each with three spectra
were recorded per plate.

Immediately after all spectra were recorded,

the plate was removed and processed for development.
A spectrograph slit width of 75 microns (p) provided the best
line width for reading with the densitometer.
sulted in a relatively dense background.

Larger slit widths re

Smaller slit widths resulted

in difficulty in reading an accurate density value.
spectrum was

2

The height of each

mm.

All electrodes whose samples did not dry well, lost some sample
during drying, sputtered during the burn, or emitted a non-uniform
spark were discarded.

New sample electrodes were prepared in these

cases.
The photographic plates on which the exposures were recorded were
removed to the darkroom and processed immediately.

During the time

of development, the trays were agitated to reduce the Eberhard effect
which results when fresh developer is not continuously supplied to
the exposed emulsion surface.

Without agitation, an uneven development

and "streaking’' of the surface may occur.

53

Agitation occurred at a

rate of 30 rocks per minute throughout the entire development process.
The photographic development conditions are listed in Table

6

(on page

28).
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Table 6

Photographic Development Conditions

Development

Eastman Kodak D-19, diluted 1-1 with water»
% minutes
2

Stop bath

Glacial acetic acid, 2Zt

2 0 seconds

Fixing

Eastman Kodak Kodafix:

Washing

Running water for 20 minutes, distilled
water rinse

Drying

Dry for 4 hours minimum

2% minutes

Densitometer
A Dietert-A.R.L. Densitometer-Comparator was used to obtain the
densitometric reading for the analysis lines on each plate.
was balanced to read, for each plate, from a

0

scale with the clear plate reading set at 100.

to

1 0 0

The unit

transmission

To avoid transient

heating effects, a warm up time of 15 minutes was used.

The spectral

line density was determined by the galvanometer swing.

The density of

a spectral line on a photographic plate is a linear function of the
logarithm of deflection.

The deflection is defined "as the difference

in the galvanometer swing for the line portion of the plate as compared
with the galvanometer swing for the clear reading."

54

The measurement

results in the relative deflection compared with the deflection range,
not the galvanometer deflection.

It is possible with this densitometer

to adjust the deflection range accurately for plates, even those with
a continuous background.
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Several assumptions are made to convert the line density readings
to the associated concentrations of specific elements.

These aret

1. That the relationship between the light intensity
and the line density can be accurately established
by a plot of the density versus the log of the
relative intensity.

55

2. That the line intensity is proportional to the amount
of the element studied.
3.

56

That the factors controlling the variability of the
spectral lines being studied can be balanced by use
of an internal control element whose properties are
comparable to the elements being studied.

Every emulsion has different responses to a bean of light.

To

calibrate the Short Wavelength Region emulsion, some method of varying
the light exposure is necessary (Exposure =» Intensity X Time).

A con

venient method is to vary the total exposure of light by varying the
exposure time. This is accomplished by placing a step sector or a
logarithmic sector disk at the spectrograph slit.

This step sector

must be run fast enough to exceed the intermittency effect (about

1 0 0

interruptions per second) and its attached motor must be fastened so
any vibrations produced do not affect the spectrograph. Due to its
numerous

lines in the region, silver (Ag)electrodes were used to ob

tain the composite calibration curve of the Kodak Short Wavelength
Region (SWR) plates.

The calibration curve of the Kodak SWR plates

is found on the next page in Figure 4. The line densities of Ag were
measured in the vicinity of the 2203 & Pb line.

Only five of the avai-
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Figure 4

Blackening

Calibration Curve of Kodak SWR Plates

m

VO

oo

cv

log- p. Intensity-
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lable seven steps of the step sector were utilized on the calibration
plate.
The calibration curve of the SWR plates (Figure 4) was used in
converting the line densities of the lead (Pb) and the indium (In),
for both the synthetic blood and the whole blood, to the logarithms
of the intensities.

In each sample, the logarithmic values for Pb and

In determine the logarithm of the ratio of Pb intensity to In intensity.
This is determined, mathematically, by use of the equation
log Pb - log In * log

•
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V.

DATA AND RESULTS

Analysis of Synthetic Blood Standards
The data obtained for the series of synthetic blood standards can
be found in Appendix II (page 45).

The data for the standard of 240

jig Pb per 100 ml blood was used to monitor the consistency of the ex
posures.

The logarithmic intensity ratio of Pb to In, deviation (d)
_

2

from the mean (X = 0.276), the deviation squared (d ), and the standard
deviation (d) are found in Table 7.

(The number of trials is denoted

by "n".)
Table 7
Consistency of Densitometric Data Using the
Synthetic Blood Standard of 2.4 ppm Pb

Log Pb/In
values, x

d values
(x-X)

d^ values

0,32

0.044

0 . 0 0 1 0

0.40

0.124

0.0154

0.37

0.094

0.0088

0 . 1 1

-0.166

0.0276

0.19

-0.086

0.0074

O' values

mh
0.124

The densitometric data found in Appendix II was used to plot the
lead (Pb) content, per 100 ml blood, versus the average logarithm in
tensity ratio of Pb to In. This graph is found in Figure 5 (next page).
The graph also shows the position of the clinically normal Pb level
32
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Figure 5
Analytical Curve of Blood Lead (Pb) Level

ppm Pb
100 ml
blood

Pb Concentration

160

1.0

100

0.A

A
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16 ..

0

0.05

-

1.0

-

0,5

0.5

Average log Pb/In Intensity
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(20 jig Pb per 100 ml blood).

The bars found on the analytical curve

show the range of log Pb/In values for the multiple replicates listed
in Appendix II.
Analysis of Whole Blood Samples
A plot of the analytical curve for the lead synthetic blood standards
is shown in the semi-log graph of Figure 5, This is a plot of the
logarithm of the lead concentration versus the logarithm of the ratio
of lead to indium intensity.

The spectral line density measurements

of the whole blood samples were utilized with the analytical curve of
Figure 5 to produce the concentration values.
To test the validity of the spectrograph!c method developed, twenty
samples of whole blood were analyzed and the Pb content was determined.
Five of the samples tested contained known amounts of added Pb.

These

"spiked" blood samples were tested with the other samples and indicate
the accuracy and reproducibility of the method.

The data on these

blood samples are shown in an abbreviated form in Table
and in more detail in Table 9 (on page 36).

8

(on page 35)

Of the fifteen non-spiked

blood samples, nine contained different Pb concentrations lover than
that considered clinically normal (viz., 20 jig Pb/100 ml blood).

Three

of these fifteen samples contained Pb concentrations approaching the
lower limits of lead intoxication (50 ;ug Pb/100 ml blood).

The remainder

contained Pb concentrations slightly above that considered clinically
normal.
The lover limit of lead intoxication is about 50 jig of Pb per 100
ml of blood.

Although blood lead levels of about 30 p g of Pb per 100
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Table 8

Recovery of Lead from Spiked Blood Samples

Sample

Amount added
M Pb
ml blood

1 0 0

1 0 0

Found
jur Pb
ml blood

0

8

0

18

3b

0

26

4

0

1 1

5 c

0

5

6

0

6

7

0

1 0

8

0

7

9

0

38

1 0

0

U

1 1

0

26

1 2

0

9

13

0

35

14 d

0

23

15

0

32

16 c

25

30

17

50

6 8

18 d

75

1

2

a

19 a
2 0

b

1 0 0

1 0 0

116

125

156

alphabet letters a, b, c, d indicate spiked and unspiked data pairs
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Table 9

Details of Lead Recovery from Spiked Blood Samples

Sample

Pb added

Replicate values
of ppm of Pb in blood

Mean ppm

Approximate
percent of
error

0

0.04

0.13

0.08

0.08*0.04

50

a

0

0 . 1 0

0 , 2 0

0 . 2 2

0.18*0.08

44

3 b

0

0.37

0.25

0.16

0,26*0.11

42

4

0

0.07

0.08

0.16

0.1110.05

45

5c

0

0.07

0.04

0.05

0.05*0.02

40

6

0

0.056 0.06

0.05

0.06*0.004

7

7

0

0.09

0 . 1 2

0.09

0

8

0

0.05

0 . 1 1

0.03

0.07*0,04

57

9

0

0.33

0.41

0.42

0.38*0.06

16

1 0

0

0 . 1 2

0 , 1 1

0 . 2 0

0.14*0.06

43

1 1

0

0.34

0.18

0.26

0.26*0.08

31

1 2

0

0.06 0,08

0.14

0.10*0.05

50

13

0

0,28

0,31

0.41

0.35*0.06

17

14 d

0

0.26

0.29 0.26

0.28*0.02

7

15

0

0.27

0.31 0.35

0.31*0.04

13

0.25

0.30

0.30*0.05

17

0,64 0.71

0.68*0.04

6

1

2

•

0.34

17

o
tne

i
n
IN

16 c

0 . 6 8

18 d

.75

19 a
2 0

b

. *
1 0

0 . 0 2

2 0

0.96 1.04

0.98

1.00*0.04

4

1 . 0 0

1 . 2 0

1.15

1.16*0,04

3

1.25

1.64 1.48

1.52

1.56*0.08

5

1 . 1 2

alphabet letters a, b, e, d indicate spiked and unspiked data pairs

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

37

ml of blood may cause some increased metabolic effects, these effects
can hardly be detected.
per

1 0 0

At levels from approximately 50 to 80 p % of Pb

ml of blood, the body mechanisms, namely the metabolic effects,

and the functional effects of the blood and Kidneys, compensate and
apparently minimize or prevent obvious functional injury. ^

Above 80

ug of Pb per 100 ml of blood, the body mechanisms are subjected to
functional injury.

It is at these high Pb levels that precise Pb

measurements are essential.

In the lead intoxication range, the percent

of errors recorded in Table 9 (page 36) are less than Z. This is an
6

improvement over the approximately
percent error which is a nominal
58-59
expectation in the 2833 A region.
The relatively large percent
1 0

error seen in the nonspiked blood samples of Table 9 are to be expected
and are inherent in the process When making measurements on low concen
trations.

The percent error increases for extremely law concentrations

due to the inherent error in accurate line measurements when the line
density approaches the fog level of the photographic film.

The variation

from the mean, X, for the highest spiked concentration (0.08 ppm vari
ation) is approximately the same, or larger, than the variations from
the mean for all the lesser Pb concentrations which, for extremely low
Pb concentrations, results in an approximate 50 2error.
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VI.

CONCLUSIONS

An improvement in existing methods for the analysis of lead in
blood can be realized if the spectrographic techniques developed in
this thesis are followed.

This improvement is linked, in part, to the

utilization of spectral lines in the 2200 Angstrom region.

Although

the spectral lines of the 2200 Angstrom region are not, in general,
as intense as those in the 2800 Angstrom region, there is a significant
decrease in both the intensity and number of spectral lines of iron
at 2200 Angstroms.

Thus, a minute portion of whole blood precipitate

does not add a significant iron background at this wavelength region.
The spectrographic techniques developed in this thesis included
several intersecting factors.

The strongest lead and indium spectral

line intensities in the 2200 Angstrom region were emitted by the a.e.
spark source.

This source had high precision and vas more reproducible

and stable than the d.c, arc source. The shaped electrodes were es
sential to the analysis when an a.c. spark source was utilized because
they did not allow the spark source to wander far off the optical axis
which would cause greater astigmatism.
and sensitivity of the analysis,

Also, they enhanced the accuracy

Waterproofing of the electrodes'

surfaces with n-Heptane reduced the amount of sample lost by soaking
into the electrodes and thus becoming unavailable for excitation.

The

inverted drying process provided a more uniform sample coverage on the
electrodes as well as protection against dust settling on the electrodes.
Use of the quartz lens increased the amount of light entering the
Crerny-Turner Scanning Spectrometer.

The lens was positioned to pro-

38
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duce a blurred inage at the slit.

This ensured that the slit was filled

with light throughout minor source wandering.
By use of the a.e. spark source, the quartz lens and the Kodak
Short Wavelength Region plates, a Much shorter tine of exposure is
necessary to obtain the data in the 2200 Angstrom region than in the
2800 Angstrom region where Kodak SA-1 plates and arc sources are util
ized.

An exposure time of 1*5 seconds is sufficient for the Kodak SWR

plates Whereas an exposure time of 30 seconds is required by the Kodak
SA-1 plates to overcome film inertia and to bring up the general in
tensity level of the spectra.
Utilization of the Kodak Short Wavelength Region plates, however,
require special handling, cutting and developers.

The Kodak SWR plate

is so pressure sensitive that one may not touch the emulsion surface
without leaving a fingerprint.

Thus, it is necessary that the plates

be handled only by the edges during all processing procedures.

It is

necessary to dilute the usual D-19 developer with water to obtain the
proper developing fluid for the Kodak SWR plates.

This diluted D-19

developer ages rapidly and should be discarded as soon as it becomes
discolored.
There were several improvements made in the preparation of the
standards.

The dithizone-chloroform solution prepared to remove the

lead contamination was utilized in both the trichloroacetic acid-indium
(TCA-In) extracting solution and the double strength synthetic blood
solution.

In the existing methods, any lead contamination present in

the TCA-In extracting solution was not removed by the dithizone-chloro
form solution.

The dithizone-chloroform solution was used to remove
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the lead contamination from only the double strength synthetic blood
solution.

Thus, in the existing methods, a lead residual correction

was necessarily applied to the analytical curve and the residual lead
in the TCA-In extracting solution reduced the accuracy for low lead
determination since small differences could not be differentiated.
Another improvement in the preparation of the standards vas due
to utilisation of a pH meter, rather than the existing method of phenol
red indicator, to adjust the pH of the double strength synthetic blood
solution to 8.5 - 9.0 with ammonium hydroxide.

The pH meter vas a more

accurate test of the solution’s pH than the phenol red indicator.

The

phenol red indicator did not change color in the required pH range.
Another improvement was in the preparation of the two synthetic
blood standards exceeding the concentration Tange of prior methods.
These standards aided in preparing the analytical curve found from the
series of the other synthetic blood standards.

They also aided when

the blood samples were spiked with known quantities of lead.
The Table 7 data concerning the consistency of the densitometric
data taken for the synthetic blood standard of strength 2.4 ppm Pb
yields a standard deviation of 0,124.

The Table 5 densitometric data

for the 3 mm diameter electrode shapes show a standard deviation of
0.146,

The good agreement of these values is an indicator of the

consistency of this method.
In summary, the spectrographic techniques developed in this thesis
are superior to the existing methods for the analysis of lead in blood.
Above the 0,5 ppm Pb (5 jug Pb/100 ml blood) intoxication level the
expected precision is of the order of 1 52. Thus in the concentration
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range of special clinical interest* an improvement in analytical measure
ment may be realized by employing the far ultraviolet spectral region.
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APPENDIX I
APPARATUS AND OPERATING CONDITIONS
The major units of equipment used and conditions under Which these
units operated are combined and summarized in the following table.
Table 10
Experimental Apparatus and Operating Conditions

Excitation System*
Source unit

Bausch and Lomb Spark Generator

Inductance at
plug position #3

7.15 p h

Secondary potential

15,000 v

Capacitor capacitance

0.005 jif

Primary potential

1 2 0

Analytical gap

5 mm

Air control gap

5 mm

Atmosphere

static

Sample electrodes

ultra-carbon,
in, long x h, in.
diameter graphite, one end cut on
each to a length of 7,5 am and a
diameter of 3.0 mm

Exposure time
preburn
burn

v

2

1

sec
1.5 sec
0

Replica exposures

42
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43
Experimental Apparatus and Operating Conditions (Continued)

Optical System*
Spectrograph

Czerny-Tumer Two-meter Scanning Spec
trometer model 78-480, spectra recorded
in first order, 4.19 A/mm inverse
dispersion

Selected wavelength range

2150 to 2550 A

Slit Width

75 u

Slit height

2

External optics

Quartz lens of f = 27 cm

Rotating step sector

7 steps of step factor It 1.5

Emulsion

Eastman Kodak Short Wavelength Region
(SWR) plates

Analytical line

Pb

2203.53 A

Internal standard line

In

2306.879 A

mm

Photographic Development Conditions*
Development

Eastman Kodak D-19, diluted 1-1 with
water* 2 h mln

Stop bath

Glacial acetic acid, 2Zt

Fixing

Eastman Kodak Kodafixt

Washing

Running water for 20 min,, distilled
water rinse

Drying

Dry for 4 hrs, minimum

20 sec
2\ rain

Photometry*
Densitometer

Harry Dietert-A.R.L. DensitometerComparator
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Experimental Apparatus and Operating Conditions (Continued)

Miscellaneoust
Balance

Ainsworth Right-A-Weigh balance,
reading uncertainty t
g
0 . 0 0 0 1

Centrifuge

Cenco fixed speed #22077-001

Ph meter

Coleman model 28 Metrion, accuracy
0.05 pH, reproducibility 0.02 pH
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APPENDIX II

The Pb and In densities were measured on the densitometer.

The

calibration curve of the Kodak SNR plates was used to obtain the logar
ithm of Pb intensity and the logarithm of In intensity.

From these

logarithms, the logarithm of the ratio of Pb to In intensity was calcu
lated.
Table 11 shows the logarithmic intensity ratio of Pb to In. the
«

2

deviation (d) from the mean (X). the deviation squared (d ). and the
standard deviation (eO for the synthetic blood solutions.
Table 11
Densitometric Data for Synthetic Blood Standards

Log Pb/In
values, x

d values
(x-X)

d values
2

o'values
(

For 240 ^ig Pb per

1 0 0

ml blood (2.4 ppm Pb)j mean X * 0.276t

0.32

0.044

0.0019

0.40

0.124

0.0154

0.37

0.094

0.0088

0 . 1 1

-0.166

0.0276

0.19

-0.086

0.0074

For 160 jag Pb per

1 0 0

#

0.124

ml blood (1.6 ppm Pb)} mean X ** 0.166t

0.05

-0.116

0.0135

0.19

0.024

0.0006

0.19

0.024

0.0006

0.074

45
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Densitometric Data for Synthetic Blood Standards (Continued)

Log Pb/In
values, x

d values
(x-X)

d* values

For 160 jig Pb per 100 ml blood (1.6 ppm Pb)j mean X
0.25

0.084

0.0071

0.15

-0.016

0.0003

values

35

0,166 (eont.)>

For 100 jig Pb per 100 ml blood (1.0 ppm Pb); mean X * 0.01*
0 . 1 1

to.

0.03

-0.04

0.0016

0.07

-0.08

0.0064

0.07

-0.08

0.0064

0.09

0.08

0.0064

0,03

0 . 0 2

0.0004

1 0

0 . 0 1 0 0

For 40 jig Pb per 100 ml blood (0.4 ppm Pb)f mean X ® -0.265*
-0.31

0.045

-0.14

-0.125

0.0156

-0.17

-0.095

0.0090

-0.30

0.035

-0.24

-0.025

0.0006

-0.33

0.065

0.0042

-0.36

0,095

0.0090

-0.35

0.085

0.0072

-0.36

0.095

0.0090

-0.14

-0.125

0.0156

-

-0.045

0 . 0 0 2 0

0 . 2 2

0 . 0 0 2 0

0 . 0

0 . 0 0 1 2
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Densitometric Data for Synthetic Blood Standards (Continued)

Log Pb/In
values, x

d values
(x-X)

d^ values

& values
/is*
(n- 1
1

For 16 ,ug Ft per 100 nil blood (0.16 ppm Pb)} Mean X * -

0 . 4 8 8 1

-0.52

0.032

-0.45

-0.038

0.0014

-0.46

-0.028

0.0008

-0.58

0.092

0,0085

-0.40

-0.088

0.0077

-0.53

0.042

0.0018

-0.41

-0.078

0.0061

-0,60

0 . 1 1 2

0,0125

-0.42

-0.068

0.0046

-0.42

-0.068

0.0046

-0.48

-0.008

0 . 0 0 0 1

-0.56

0.072

0.0052

-0.46

-0.028

0,0008

-0.49

-

0 . 0 0 2

0 , 0 0 0 0

0.052

0.0027

-0.54

0 , 0 0 1 0

For 5 jig Pb per 100 ml blood (0.05 ppm Pb)} mean X » -0,747i
•0.64

-0.107

0.0114

0.65

-0.097

0,0094

•0.65

-0.097

0.0094

0.113

0.0128

+0.103

0.0106

0 . 8 6

0.85
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Densitcmetrie Data for Synthetic Blood Standards (Continued)

Log Pb/In
values, x

d values
(x-X)

d values
2

fS values

(S'

For 5 jug Pb per 100 ml blood (0.05 ppm Pb); mean X <= -0.747 (cont.)j
-

0 . 8 6

-0.72

0.113

0.0128

-0.027

0.0007
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APPENDIX III

Table 12 contains detailed information of the atomic energy levels
and transition probabilities for the particular lead (Pb) and indium
Table 12
Detailed Information on
Atomic Energy Levels and Transition Probabilities

Element

Pb+

In+

Spectrum type

II

II

Number of electrons

81

48

Ionization potential* volts

15.028

18.86

Wavelength* Angstroms

2203.53

2306.879

Intensity
are sources
spark sources

50
5000 R

25
30

Excitation energy* eV

7.37

Energy level, kaysers (cm-*)

14081-^
59448
2 1

Configuration

6

Designation

s ( S) p*^
6s 2(1S)7s
6

6

Inner quantum number* J
Observed g-value
10 (sec*1)
8

5.37
0

->
43349

2
5s
5s(2S)5p
- 9

s*P^— ►
7s S

5s^
5p P

1V-* 0%

0-» 1

1.33-^ 2,01

0.0-* 1.50*

5.6

0.032

gtfi

0.41

0.0025

Log g ^

-0.39

-2,60

60
♦theoretical Landi g-value, Moore * Vol. I, pg. xx.
49
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50
(In) spectral lines selected for this analysis.

This information is

taken from Moore61, Corliss and Bozman6^, and Zaidel, Prokofer, Ralskii,
63
Slavnyi, and Sfareider . The intensity is based on Harrison's intensity
scale. This is a proportional scale in which the most intense line of
a given element has 1000 relative intensity units.

The excitation

energies are the original work of Zaidel, Prokofer, Raiskii, Slavnyi,
64
and Shreider . The observed g-value is the observed magnetic splitting
factor commonly called Lande's g-value.

The g^ denotes the statistical

weight of the tipper level, f^ denoted Landenburg's oscillator strength
for the emitted line, and

is Einstein's transmission probability.

The relationship between g^A^ and gjf^ can be determined through use
of the equation*5"*
. _
2 10>8 U
-1
A.
-t
vs** sec
3

1

where the wavelength, X, is in microns (10~* cm), and the oscillator
strength, f^, is negative for emission (resulting in a positive value).
By mathematical methods, the above equation can be rewritten as

g^

~

~

\

l°8 sec"1.
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